Introduction
It is well established that body mass index (BMI) has an inverse relationship with socioeconomic factors and is a dimension of poverty. Socioeconomic status is affected by social and cultural conditions as well as economic conditions. Most classifications try to incorporate all three factors.
Most work, however, uses proxy measures such as income or occupation of the head of the household. Earlier work by Pryer (1993) indicated that BMI was associated with livelihood groups, where the poorest groups (female-headed households and casual unskilled labour) had the lowest BMI for men and women, compared with the richest groups (traders and landlords) who had the highest BMI for men and women. Several studies have demonstrated that BMI is associated with low income (Pryer, 1990; Nube et al., 1998; Sarlio-Lahteenkorva and Lahelma, 1999; Delpeuch et al., 2000; Hakeem, 2001) , low assets (Pryer, 1990 (Pryer, , 1993 , expenditure (Pryer, 1990; Nube et al., 1998) , years of schooling (Sen, 1991) , quality of housing and access to services (Nube et al., 1998) , occupational groups (Pryer, 1993) and loans (Pryer, 1990; 2003) .
In this paper, we describe how BMI is associated with socioeconomic, demographic and environmental factors conceptualized in relation to assets, resources and livelihoods of slum dwellers in Dhaka, Bangladesh.
Setting
Dhaka is the national capital and the largest city of Bangladesh. Thirty million people, over 20% of the total population of Bangladesh, live in urban areas. By the year 2005, this figure will have risen to 46 million and by 2015 projections indicate that 68 million (more than a third of the total population of Bangladesh) will live in urban areas (Government of Bangladesh, 1992; World Bank, 1999) . In the absence of commensurate industrialization and on account of little planned urban or spatial development, this rapid expansion of the urban population has serious implications for the physical and socioeconomic conditions of the country's cities. The number of slum settlements has grown rapidly in recent years and the urban poor are now estimated to be around 11 million, or 37% of the urban population (Islam, 1997) . Fourteen percent of the urban population lives below the poverty line and the largest gap between the rich and the poor is in the urban areas (World Bank, 1999) .
The Urban Livelihoods Study is based in the slum settlements of Mohammadpur subdistrict of Dhaka City. Agargoan includes the biggest slum in Mohammadpur. The land is owned by the government but has been occupied informally by squatters for over 20 years. Central Mohammadpur includes slums in Rayer Bazaar, Jafrabad, Pisciculture, Adabar and Pulpar Bottola areas. Most of the slums in this area consist of poor housing within middle and lowermiddle class residential housing settlements. Private landlords own most, although some are on disputed land. Finally, Beri Badh is the peripheral area of Mohammadpur. The settlements have been developed along the embankment of the Dhaka City Flood Protection, alongside the Buri Ganga River. The embankment is government-owned land, with slums adjacent to the embankment situated on privately owned land.
The livelihood approach
The livelihoods approach is a powerful tool through which to examine the social and material conditions of livelihoods and hence the command a household has over food and other basic needs. Sen (1981) uses the term 'entitlement' to cover a set of resources and relationships determining the control a household has over food and other basic needs. A household 'entitlement' has two dimensions: endowment and exchange.
The 'entitlement' model is dynamic and potential is provided by the exchange of any part of what is owned (for money or kind) to provide for food and other basic needs. For example, human labour may be sold for a wage, commodities produced may be used for domestic production or sold onto the market, and other commodities procured may be traded. Endowments have been classified into five groups. Thus, material resources cover money, assets and stores of value whereas human resources include the age, gender, education, skills, health and nutritional condition of household members. The relationship a household has with other individuals, households and organizations is also important and constitutes their social resources. Such relationships may be used to make 'claims' to assistance, including claims on food, credit, labour, productive resources or services from kin, neighbours, labour groups, patrons, landlords, employers, the government or NGOs. A related concept is the idea of cultural resources including status, restrictions and norms that govern behaviour. Finally, the environment in which the household lives is associated with a set of endowments. Environmental resources cover facilities like housing, water and sanitation, and also common property resources which include natural resources that may be shared by households; these may be defined by clear property rights, or may be common property notionally. Within the urban context, common property resources might include water, grazing land, fodder materials, fuel, trees, natural vegetation and garbage.
Using this model, a livelihood strategy is defined as the way in which a household combined and utilizes its various forms of entitlements to maintain its members on a daily basis. A culturally determined livelihood standard could be derived to define culturally determined minimal needs. Vulnerable livelihoods could then be considered as those forms of livelihoods that are unable to fulfill culturally determined minimal needs over the annual cycle. Such households can be considered vulnerable to extremes of climate, illness and disease, loss of earnings or income as a result of adjustments in markets for goods and labour and to adverse treatment in the sociopolitical system. When such households are unable to cope with difficulties of this kind, they may be reduced to starvation and beyond.
Study design
Data collection is based on two sets of interrelated activities: quantitative data collection on a panel of around 850 households -termed the quantitative panel survey -and qualitative studies that explore the same study objectives within selected slum settlements in the study area. Panel households were selected through a random cluster sample of all slum areas in Mohammadpur, with stratification for geographical area. Twenty-five clusters of households were sampled across Mohammadpur subdistrict.
Sample size was calculated using standard statistical formulae at the outset of the study, on the basis of being able to detect differences in adults and children between socioeconomic groups of the population. The sample size was inflated to allow for the fact that cluster sampling was employed. The process suggested that the sample should be at least 700 households.
Households were followed up on a monthly basis. The monthly questionnaire was administered to the heads of households and their spouses and enquiries were made into work participation, sources of income, changes in financial status, shocks, stresses, coping strategies and food expenditure. Acute and work-disabling morbidity was recorded for a 2-week recall period and anthropometry was carried out on the household head, the spouse and children under 5 years.
Every third month, a more extensive data collection interview took place, this time involving the head of a household, spouse and all resident family members. At this interview, detailed additional information was collected on debts and savings, income from employment and from other sources, asset ownership, sale and purchase, food supply and food stocks, food expenditure, total expenditure, child feeding practices, common property resource use, social relations (Trades Union/committee/NGO membership and activities), use of amenities and environmental situation. Changes in financial status, self-reported morbidity and anthropometry were documented for all household members.
Quality assurance was a high priority. Every week, supervised interviews, re-interviews and spot checks were conducted. Supervisors checked that questionnaires were completed properly. Double entry of the data was done to minimize errors in data entry.
Statistical analysis
For this analysis, we used the anthropometry file, the household file, amenities and assets, education, credit organization membership and financial status (all files were for study round 4, September-November 1996). Files were merged together by linking unique household and person identifiers.
The outcome measure was individual adult nutritional status, based on BMI less or equal to, or greater than 18.5 kg/m 2 . We excluded pregnant women and individuals under the age of 17 years, which left 1097 adults. The w 2 tests were carried out on categorical variables of different risk factors, and ttests on continuous variables. We then used logistic regression with adjustment for clustering and age of women (svylogit) (Stata Statistical Software, 2002) . The logistic regression was hypothesis driven. The variables listed below were those that we hypothesized would be related to an adult's BMI. Mohammadpur and Beri Badh. These were documented on the monthly questionnaire. (4) Occupation of the head of household. These data were collected every 3 months using the 3-monthly questionnaire and were classified into six groups: (i) Regular (secure) waged/salaried worker: Those who are working in a fixed location (e.g. a factory, office or workshop) and who receive a monthly or weekly wage. The majority of this group is skilled. (ii) Casual wage worker (skilled): Those who are employed or involved in any type of skilled work for which they receive a wage from an employer. This group includes all skilled workers who are paid daily, piece rate or contract rate wages, regardless of whether they work in a fixed location or not (e.g. electricians, masons, etc.). It is assumed that the lack of a fixed location implies greater insecurity of work. (iii) Casual wage worker (unskilled): Those who are employed or involved in any type of unskilled work for which they receive a wage from an employer. They may receive their wages daily, piece rate, contract rate or even, in a few cases, weekly or monthly (e.g. housemaids). (iv) Dependent self-employed: Those who run their own business or other service, alone or in association with other owners, appropriating the profits or earnings, but who are dependent on others for the hire of equipment or for the acquisition or sale of their goods/product, for example, rickshaw pullers who do not own their own rickshaw and are therefore dependent on a rickshaw owner for work. (v) Unpaid family worker: Those who work without monetary remuneration in the business/enterprise of a member of the family. For example, small-scale handicraft production. (vi) Self-employed: All persons who run their own business or engaged in other services, alone or in association with other owners, appropriating the profits or earning. These individuals are not dependent on anybody else for the hire of equipment, purchase or sale of goods. The 'self-employed' category includes a wide range of occupation types, income levels and levels of security. These questions were asked in the amenities and assets questionnaire. (6) Membership of credit organizations. This included membership of any credit organization and also membership of NGO credit organizations. These questions were asked every 3 months in the 3-monthly questionnaire.
Logistic regression model specification Table 1 describes the percentage of undernourished adults by sex and age group. Female subjects were more likely to be undernourished in all age groups compared with male subjects. Severe undernutrition in female subjects was significantly different across age groups, as was the case in the overall population. Differences in males by age group were not significant. Table 2 describes height and weight by age group and sex. There was a significant difference between male and female subjects for height and weight in each age group. There was no significant difference between males' height and weight by age and this was the same for height by age group for female subjects, but weight decreased significantly by age for female subjects. Table 3 shows BMI with demographic and environmental variables. Female subjects were more likely to be undernourished than male subjects. Undernourished adults were older than adults who were not malnourished. Area was a significant predictor with Beri Badh having a greater proportion of malnourished adults than other areas. There was no relationship between adults being undernourished and whether the head of a household was either male or female. Undernourished adults were more likely in households with a significantly smaller floor area and in households without electricity. Similarly, drinking water source was predictive. Undernourished adults were more likely to come from households with adults using tube well water than from those with tap water. Undernourished adults came from households where there was no electricity. Table 4 shows BMI with economic variables. Deficit financial status was significantly related to adult under- nutrition compared with break-even or surplus financial status. There was a significant effect for involvement in credit organizations and also for NGO credit involvement with more undernourished adults more likely to report no involvement. There was no significant difference in average household income between malnourished and nonmalnourished adults. Malnourished adults were more likely in households where the principal earner was a casual unskilled worker or a dependent self-employed compared with other occupations. Table 5 presents logistic regression analysis for the prevalence of undernutrition in adults in relation to sociodemographic, economic and environmental factors. There was a sex difference with female subjects having a significant odds ratio for low BMI compared with male subjects (women were more malnourished than men). There was no difference with age for male subjects, but there was a difference in age for female subjects, with female subjects of 30-39 and 40-49 years having the worst BMI. The Beri Bahd area of residence had the worst BMI compared with other areas. A deficit situation in self-reported financial situation had the worst BMI compared with a surplus of break-even situations. Casual wage workers, unskilled and dependent self- employed people had the worst BMI compared with other occupational groups. Those not involved in credit organizations and NGO credit organizations had the worst BMI compared with those involved in credit organizations and NGO credit organizations. Those households, which had an income of 2000-2499 Taka, had the worst BMI compared with higher incomes. Floor area per 5 m 2 or more per consumption unit had the best BMI compared with less floor area per consumption unit. Those without electricity had the worst BMI compared with those households with electricity supply. Those with tube well water had the worst BMI compared with those with tap water.
Results

Discussion
The nutritional situation of adults was poor, with as many as 54% showing a BMI of 18.5 km/m 2 or less, and almost one-tenth (9.7%) showing a BMI less than 16. Although comparative figures for the general population are not available, this shows a strong degree of need. In this study, female subjects showed a greater risk for undernutrition. As age increased the BMI became worse for female subjects, but this was not true for males. There was significant trend for BMI with age for female subjects, meaning that as women got older the BMI became lower. There was no trend for males with age for BMI. There was a similar trend by age for weight for women, meaning that as women got older their weight decreased. This relationship was not seen for height in women or for weight or height in men. Apart from the sheer magnitude of the problem of adult undernutrition, the finding that is still more disturbing is the rapid rise in severe malnutrition among female subjects with age. Although the relative numbers of older women is quite small, they are clearly a potentially very vulnerable group and merit particular attention in policy and through targeted interventions.
Among younger adults, there was more BMI deficit in female subjects than in male subjects. The differences between younger female and male subjects remained considerable, and the interpretation of this must be worked out carefully. Differences in BMI between male and female subjects may be attributable to their different body constitutions. There is evidence that in many geographical regions the prevalence of fatness is higher among women than among men (Shetty and James, 1990) . In a large survey in Brazil of 16 641 female and 17 135 male subjects, the BMIs in female subjects were greater after 12 years of age and also showed more variability (Branca and Abdulle, 1993) . In a study among Tanzanian adult tuberculosis patients, more males were found malnourished than female subjects (77 vs 58%) with respect to BMI (Kennedy et al., 1996) . Despite the indications that female subjects will show greater BMI values compared with their male counterparts of the same age group, no separate cutoff points for BMI in female subjects were set in this study. Although comparable figures are not Adult nutritional status varied between the three slum locations, with Beribadh faring the worst. That there should be area variation is not surprising, although its magnitude should be noted. Identification of Beribadh as an area of higher vulnerability and higher risk of adverse outcomes such as poor nutritional status was clear in our qualitative work and underlines the need to identify the area of particular need in targeted interventions.
BMI in households where self-perceived financial status and income were worse, in deficit households compared with break even or surplus situations, and households with income less than 2500 Taka was low compared with those households that had higher incomes. Other studies have found that BMI was worse in low-income households (Pryer, 1990; Nube et al., 1998; Sarlio-Lahteenkorva and Lahelma, 1999; Delpeuch et al., 2000; Hakeem, 2001) . Households where the head of household's occupational group was casual wage worker (unskilled) or dependent self-employed had the worse BMI compared with other occupational groups. Pryer (1990 Pryer ( , 1993 2003) and also found that unskilled labour and dependent self-employed labour had the worst BMI for women and men in Khulna, Bangladesh.
Conclusions
Fifty-four percent of the adult population in this Dhaka slum population had a BMI of less than 18.5, and almost 10% had a BMI less than 16.
It is unfortunate that, although one-third of the population of Dhaka consists of slum people, the National Food and Nutrition Policy published by the Ministry of Health and Family Welfare of the Government of Bangladesh (Government of Bangladesh, 1997) does not mention improving the nutritional status of this particularly vulnerable section of the population. It is equally unfortunate that the country's biggest nutrition intervention programme 'The Bangladesh Integrated Nutrition Project (BINP)', currently operating in 59 thanas (areas) in collaboration with partner NGOs, has no plan to work in urban slums (Government of Bangladesh, 1996) . This neglect of slum people amounts to nonadherence to the World Declaration on Nutrition (FAO, 1992) that affirms countries' determination to implement the Plan of Action for Nutrition and strongly urges priority to protecting and promoting the nutritional well-being of the most vulnerable households. Nutritional well-being should be adopted as a key objective in human development to enable all people to lead fully productive lives and contribute to the development of the community and the nation with dignity. Poor slum dwellers are now an integral part of city life, and the smooth running of the city is impossible without them. Yet, they are the most deprived community of the city living in inhuman conditions, suffering from chronic hunger and with exceptional levels of malnutrition. This study has shown the magnitude of the nutritional problem and identified some key factors relating to undernutrition among slum adults. We very much hope that concerned authorities and others will extend their whole-hearted efforts and commitments to these problems of the most vulnerable population groups (Rahman et al., 2002) .
